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Semiconductor Structure with Increased Breakdown Voltage 
and Method for Producing the Semiconductor Structure 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor structure 
with increased breakdown voltage across a pn junction, 
which the semiconductor structure comprises. 

2. Description of the Prior Art 

One of the main demands on semiconductor structures in 
modern microelectronic circuits is that the semiconductor 
structures ideally have a desired breakdown strength 
matched with a good frequency characteristic, such as a 
high cutoff frequency, for a respective application. 



Particularly in modern BiCMOS technologies, where a 
collector of a bipolar transistor is laterally connected 
via a heavily doped subcollector (buried layer) , which is 
buried by a collector epitaxy, often mutually exclusive 
demands are made on a bipolar process module. On the one 
hand, an integration of a bipolar transistor, which is as 
fast as possible, is required for low operating voltages, 
on the other hand, usually, bipolar transistors are 
required, which have a high breakdown voltage but only need 
to achieve a lower high frequency performance. For a fast 
transistor (HF) , a collector epitaxial layer should be as 
thin as possible, so that a collector terminal resistor as 
well as the minority charge carrier in the collector 
35 becomes low and thus the RF performance high. For the 

transistor with a high breakdown voltage (HV) , however, the 
collector epitaxy should be thick, so that the base 
collector space charge zone can extend widely and thus the 
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required breakdown voltage is achieved. For that reason, a 
doping of the collector epitaxy is low, for example < l' E 
16 cm -3 . 

Normally, both the thickness and the dopant of the 
epitaxial layer (collector epitaxy) is determined such that 
the required breakdown voltage for the HV transistor is 
ensured. Since the low doping for the HF transistor does 
not allow sufficiently high collector currents and thus the 
HF performance suffers as well, since a maximum cutoff 
frequency f t (transit frequency) depends in a linear way on 
a maximum collector current I e , where the so-called Kirk 
effect occurs, often a so-called SIC (SIC - selectively 
implanted collector) is implanted in a conventional HF 
15 transistor. 

In Fig. 8, a conventional integration of an HF and an HV 
bipolar transistor is illustrated. Heavily doped 
subcolleetors 803 and 804 of the HV and HF transistor 
(buried layer) are disposed on a substrate 801. The HF 
transistor disposed on the left hand side of the dotted 
line further comprises a first SIC 805 as well as a second 
SIC 807. Both the first SIC and the second SIC are buried 
in a collector epitaxy 809. Further, a base 811 is disposed 
on the first SIC 805, which can, for example, be connected 
to a wiring level with the help of a base terminal layer 
813. An emitter layer 815 is disposed on the base 811, 
which is contacted via an emitter contact. Further, an 
isolation layer 817 as well as an insulating spacer in the 
emitter window are disposed on the base terminal layer 813. 
Both layers serve for the electrical insulation between the 
emitter and the base terminal. Oxide layers 819, for 
example, are further formed below the base terminal layer. 
The subcollector 804 can be contacted from the top via a 
35 further terminal 820. The buried layers of the individual 
transistors are insulated against one another by a deep 
trench 823. However, they can also be insulated against one 
another by a pn insulation. 
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In contrast to the HF transistor, the HV transistor, which 
is disposed on the right hand side of the dotted line, has 
no first and no second SIC. Thereby, the subcollector 803 
can for example be provided with a voltage via a further 
terminal 821. If the HF and HV transistors illustrated in 
Fig. 8 are, for example, npn transistors, the subcollector 
803 is, for example heavily n doped, while the collector 
epitaxial layer 809 is less n doped- Thereby, the second 
SIC 807 and the first SIC 805 are also n doped, wherein a 
doping concentration of the first and the second SIC is 
higher than of the collector epitaxial layer and lower than 
of the subcollector. 

An implantation of an SIC leads to a volume doping (about 1 
E 17 em" 3 ) which is increased in comparison to the dopant 
of the collector epitaxy (epidoping) . When reaching the 
breakdown voltage, however, the base collector space charge 
zone of the HF transistor does not extend the buried 
subcollector 803, due to the high epithickness and the 
doping increased by the SIC implantation. Thus, the 
collector current has to flow through the relatively high 
impedance area of the SIC between the end of the space 
charge zone and the beginning of the subcollector. For that 
reason, this area is often doped by a second SIC 
implantation 807, as it is illustrated in Fig. 8, which can 
then be optimized as retrograde profile. A disadvantage is, 
that the HF performance of the transistor is affected 
thereby, since, on the one hand, the doping and thus a 
conductivity of the SIC is significantly lower in 
comparison to the subcollector. On the other hand, the SIC 
implantation cannot nearly achieve a dopant profile as high 
as by an epitaxy, so that a collector resistance is higher 
than with a minimal possible epithickness- All in all, the 
HF transistor does not achieve the best possible 
performance, which would be possible in this technology 
generation, since, for example, the already mentioned 
increased collector resistance as well as the higher 
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minority charge carrier storage lower the cutoff frequency 
of the HF transistor. 

It is another disadvantage of the approach illustrated in 
Fig. 8 that the HF properties of the HF transistor starting 
from the HV transistor, whose collector epitaxy is 
optimally designed for increasing the breakdown voltage, 
are to be improved by an introduction of one or several 
SICs, respectively. Since the HF properties of the HV 
transistor are of secondary importance in comparison to the 
demand on the breakdown voltage when forming the collector 
epitaxy 809, the collector epitaxy has to be thick, and 
therefore, the properties of the HF transistor formed in 
this epitaxial layer, have to be improved by introducing 
one or several SICs 805 and 807. This leads to a rise in 
costs of the production process, since the first and the 
second SIG have to be formed, for example, by an 
implantation of a dopant. 

It is another disadvantage of the approach illustrated in 
Fig. 8, that a dissipation power of the HF transistor is 
increased due to the SICs 805 and 807, as well as the 
already mentioned increased collector resistance. If a 
microelectronic circuit comprises a plurality of HF 
transistors, as illustrated in Fig. 8, this leads to a 
significant rise in poWer consumption as well as possibly a 
heat built up, whereby the costs of the operation of such a 
circuit are increased. 

Another disadvantage of the transistors according to the 
prior art illustrated in Fig. 8 is, that due to the 
thickness of the collector epitaxy 809 required for 
achieving a predetermined breakdown voltage, the 
dimensions, for example in vertical direction, of a 
transistor produced in such a way increase, since the 
thickness of the collector epitaxy 809 has to be chosen 
large for achieving a high breakdown voltage strength. The 
epitaxy thickness depends on the breakdown voltage of the 
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HV transistor. This results in another disadvantage, that 
with larger thickness of the collector epitaxial layer 809 
for achieving a higher breakdown voltage, the HF 
performance of the HF transistor is inevitably decreased 
since the SICs 805 and 807 inevitably have to be longer, or 
a third SIC is inserted, whereby the already mentioned 
collector resistance rises further. 

In the document of K. O. Kenneth and B, w. Scharf: "Effects 
of Buried Layer Geometry on Characteristics of Double 
Polysilicon Bipolar Transistor" a bipolar transistor with a 
higher breakdown voltage is described, where a subcollector 
consists of segmented parts. 



SUMMARY OF THE INVENTION 
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It is the object of the present invention to provide an 
efficient concept for increasing a breakdown voltage of a 
semiconductor structure. 

In accordance with a first aspect, the present invention 
provides a semiconductor structure having a buried first 
semiconductor layer of a first doping type, a second 
semiconductor layer of the first doping type on the buried 
semiconductor layer, which is less doped than the buried 
first semiconductor layer, a semiconductor area of a second 
doping type on the second semiconductor layer, so that a pn 
junction is formed between the semiconductor area and the 
second semiconductor layer, and a recess present in the 
buried first semiconductor layer below the semiconductor 
area, which contains a semiconductor material of the first 
doping type, which lies deeper in the substrate than the 
buried first semiconductor layer, such that the breakdown 
voltage across the pn junction is higher compared to if the 
recess were not provided. 
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In accordance with a second aspect, the present invention 
provides a method for producing an inventive semiconductor 
structured providing the buried first semiconductor layer 
with a recess formed therein, generating the further 
semiconductor area in the recess, introducing the 
semiconductor material of the first doping type into the 
recess, wherein after the step of introducing the 
semiconductor material lies deeper in the substrate than 
the buried first semiconductor layer, generating the second 
semiconductor layer on the buried first semiconductor 
layer, which is less doped than the buried first 
semiconductor layer, and generating the semiconductor area 
on the second semiconductor layer. 

The present invention is based on the knowledge that it is 
possible to simultaneously form a semiconductor structure 
with optimized HF properties and a semiconductor structure 
with increased breakdown voltage in an integrated circuit, 
when the thickness of the weakly doped semiconductor layer 
(epilayer) , which is connected via a buried heavily doped 
layer, is designed for optimized HF properties, and a 
recess is provided in the buried heavily doped layer for 
the semiconductor structure with increased breakdown 
voltage. In this recess, for example, a second heavily 
doped layer can be generated, which lies deeper in the 
substrate than the first. Thus, by a recess, a longer 
distance results between buried heavily doped layer and the 
oppositely doped semiconductor area across the weakly doped 
epalayer, so that the breakdown voltage is increased. The 
recess of the heavily doped buried layer represents an area 
where the buried heavily doped layer is replaced by a 
semiconductor area with less doping, below which, again, a 
second heavily doped layer can lie. This area can be formed 
by a recess only in the upper side of the buried layer. 
Where a semiconductor material is disposed, which has a 
doping corresponding to the epilayer. 
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Preferably, however, the recess is provided fully 
penetrating the buried layer, wherein a high-energy 
implantation of the doping density, which can be lower than 
the one of the buried layer, is performed at least in the 
. bottom area of the recess. Preferably, the high energy 
implant would also be doped very heavily. High-energy 
implantation, however, means very long process times and 
further process problems, which is why, in practice, it can 
only be doped less than in the conventionally buried layer. 

This invention is suitable for the application in all 
semiconductor elements, where a pn junction with increased 
breakdown voltage is to be implemented, such as respective 
diodes or bipolar transistors. 

The invention is particularly advantageously applicable 
when an HF transistor and an HV transistor are to be 
integrated simultaneously on the substrate. The orientation 
of the- collector epithickness is then performed at the HF 
transistor and not at the HV transistor. Thereby, an 
optimum HF performance of the HV transistor is achieved, 
with a simultaneously sufficient and freely adjustable ' 
breakdown voltage of the HV transistor. At the same time, 
different breakdown voltages can be set for different HV 
transistors by different widths of recesses by simple 
layout measurements. 

It is another advantage of the present invention that two 
transistors can be integrated simultaneously, one of which 
can be optimized with regard to HF performance and the 
other one can be optimized separately with regard to the 
breakdown voltage. In the conventional method, either the 
HF performance of the HF transistor suffers, or the 
breakdown voltage of the HV transistor is too low. 

It is another advantage of the present invention that the 
dimensions of the inventive semiconductor structure are 
smaller in comparison to the dimensions of the structure 
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according to the prior art discussed in Fig. 8, since a 
thickness of the second semiconductor layer, which can for 
example, be a collector epitaxial layer, is not chosen 
based on the breakdown voltages of the HV transistor but 
based on the Hf performance of the HF transistor, so that 
the thickness of the second semiconductor layer is smaller 
which leads to a further reduction of production costs. 

It is another advantage of the inventive semiconductor 
structure that it enables HF transistors with optimized HF 
properties and HV transistors with a sufficient breakdown 
voltage strength integrated in one circuit. 

Another advantage of the present invention is a reduction 
of production costs of the inventive semiconductor 
structure, since less production steps as well as thinner 
layers (collector epilayer) are sufficient for achieving an 
optimum HF performance of the HF transistors as well as a 
sufficient breakdown voltage of the HV transistors. The 
integration in the BiCMOS process can, for example, be 
significantly simplified, since the SIC of the HF 
transistor can be implemented flatter due to the low 
collector epitaxial layer thickness, and still provides a 
good contact to the heavily doped buried layer. Thereby, 
the cover layers across the CMOS areas for masking this ' SIC 
implant can be kept thinner, which, on the one hand, 
reduces the costs of the deposits and, on the other hand, 
significantly eases the residual-free removal of these 
layers. 

It is another advantage of the present invention, that 
several bipolar transistors with different voltage can be 
formed, for example, on a substrate, for example by a 
simple variation of a width of the recess of the buried 
first semiconductor layer. Thereby, it is achieved that 
different breakdown strengths can be obtained merely by a 
layout modification and thus by a variation of a production 
step, so that further additional process steps are not 
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required, whereby the production process is flexible and 
the unit costs are low. 

The present invention is particularly advantageous in 
BiCMOS technologies, since through the benefit of the 
higher possible HF performance of the HF transistors, 
BiCMOS products can also have a better HF performance and 
thus an improved competitiveness. This is particularly 
interesting in applications as mobile radio, WLAN, etc. 
With an integration of, for example, two HV transistors for 
different breakdown voltages, the invention can save one 
lithography level. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the present 
invention will become clear from the following description 
taken in conjunction With the accompanying drawings, in 
20 which: 

Fig. 1 is a first embodiment of a semiconductor 

structure according to the present invention; 

25 Fig. 2 is a further embodiment of a semiconductor 

structure according to the present invention; 

Fig. 3 is a further embodiment of a semiconductor 

structure according to the present invention; 
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Fig. 4 is a further embodiment of a semiconductor 

structure according to the present invention; 

Fig. 5 is dopant concentrations of an (a) HF transistor 
and an (b) HV transistor in a conventional 
transistor integration; 



14:58 VON -SCHOPPE ft ZIMMERlMNN 
200250232 



10 



+49-89-74996977 



T-964 P. 01 5/041 



Fig. 6 is dopant concentrations of an (a) HF transistor 
and an (b) HV transistor according to the present 
invention; 

Fig. 7 is a further embodiment of a semiconductor 

structure according to the present invention; 

Fig. 8 is conventional transistor integration. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Fig. 1 shows a first embodiment of a semiconductor 
structure according to the present invention. The 
semiconductor structure comprises a heavily doped buried 
first semiconductor layer 101 of a first doping type, 
wherein a recess 103 is formed. On a first surface 109 of 
the buried first semiconductor layer 101, as well as on the 
top surface 107 of the further semiconductor area 105", a 
second semiconductor layer 111 is formed, which is a weakly 
doped layer of the first doping type, which can, for 
example, be an epi layer. The second weakly doped 
semiconductor layer extends into a portion 105' of the 
recess 103. Further, another semiconductor area 105" of 
the first doping type is disposed in the recess 103, whose 
doping density lies preferably between the. epi layer 111 
and the buried layer 101, and which preferably lies deeper 
than the buried first semiconductor layer 101. The further 
semiconductor area 105" further comprises a top surface 
107. 

A semiconductor area 113 with a bottom surface 115 is 
disposed on the second semiconductor layer 111. Thereby, 
the semiconductor area 113 is of a second doping type, so 
that between the semiconductor area 113 and the second 
semiconductor layer 111, a pn junction is implemented. 
Further, the semiconductor area 113 is disposed across the 
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recess 103, wherein the vertical distance from the top 
surface 109 of the buried first semiconductor layer from 
the bottom surface 115 of the semiconductor area 113 is 
lower than the vertical distance of the top surface 107 of 
the further semiconductor area 105" from the bottom 
surface 115. 



In the following, reference is made to a mode of operation 
of the semiconductor structure illustrated in Fig. 1. Here, 
it is always assumed that the first doping type is an n 
doping, and the second doping type a p doping. The 
subsequent statements, however, apply also to a 
semiconductor structure where the first doping type is a p 
doping and the second doping type is an n doping. 

The semiconductor structure shown in Fig. 1 has an 
optimized breakdown voltage. Due to the low thickness of 
the semiconductor layer 111, a second semiconductor 
structure with optimized HF properties can be generated 
simultaneously. The breakdown voltage is mainly determined 
by a distance of the top surface 107 of the further 
semiconductor area 105" to the bottom surface 115 of the 
semiconductor area 113, by a distance of the surfaces 109 
and 115 to one another, by the width of the recess 103, as 
well as by the respective doping concentration of the 
respective semiconductor areas and layers. If, for example, 
the semiconductor structure shown in Fig. 1 is a bipolar 
transistor, according to the above made assumption, the 
first semiconductor area 113 is a p doped base, and the 
second semiconductor layer 111 as well as the buried first 
semiconductor layer 101 form an n doped collector of the 
bipolar transistor. Thereby, the doping of the second 
semiconductor layer 111 is lower than the one of the buried 
first semiconductor layer 101. 

In order to obtain a sufficient breakdown voltage, the 
structure illustrated in Fig. 1 has the inventive recess 
103. Thereby, as has already been mentioned, the top 
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surface 107 of the further semiconductor area 105' ' formed 
in the recess 103 is further apart from the bottom surface 
115 of the semiconductor area 113 (base) than the top 
surface 109 of the buried first semiconductor layer 101 
(subcolleetor) . Thereby, the breakdown voltage is 
increased, since, for example, the base space charge zone 
can now expand widely. Thereby, the further semiconductor 
area 105", which is disposed in the recess 103, is also n 
doped. The doping concentration of the further 
semiconductor area 105" can, for example, be lower than 
the one of the buried first semiconductor layer 101. it is 
also possible that the doping concentration of the further 
semiconductor area 105" as well as the doping 
concentration of the buried first semiconductor layer 101 
are equal, since in this case, the breakdown voltage can be 
realized, for example, by an even larger distance of the 
top surface 107 of the further semiconductor area 105" to 
the base 113. Independent of the doping concentration of 
the second semiconductor area, the breakdown voltage can 
0 further be varied by a variation of a width of the recess 
103 and thus the further semiconductor area 105" disposed 
in the recess 103, since the breakdown voltage increases 
with increasing width of the recess 103, and, vice versa, 
the breakdown voltage also decreases with decreasing Width 
5 of the recess 103. 
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in the embodiment illustrated in Fig. 1, the recess 103 is 
formed such that it separates the buried first 
semiconductor layer 101. It should, however, be noted that 
the recess 103 does not have to separate the buried first 
semiconductor layer 101. It is also possible that the 
recess 103 only has a low depth, so that the buried first 
semiconductor layer 101 is continuous, so that the further 
semiconductor area 105' ' is either not formed at all or on 
an area of the buried first semiconductor layer 101, across 
which the recess 103 is formed, so that with, for example, 
a low doping concentration of the further semiconductor 
area 105" as well as a larger distance of the surface 107 
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It T*\t Sem±COnduct - 105- to the base 113 as 

it is the case with the top surface 109 of the buried first 

:rr: tor iayer m - a des±red ^ii: c t 

also be obtained. Typical values for HV transistors which 
5 have a construction illustrated in Fig. 1 are at ^4 V 

It should be noted that setting the breakdown voltage can 

seTc d r ±ned Wh6n tOP SUrf3Ce 107 ° f th * ^-her 
10 fr 105 " - WSli - ™* top surface 109 of 

the "T e d SemiC ° ndu — ^ 101 have, for example, 

the same distance to the bottom surface 115 of the 
semiconductor area 113. m this case, the lower doping 
lol"^ °! ^ nCentration ° f th * ^ther semiconductor area 

15 Lea,/ 0 to - -crease of the 

15 breakdown voltage. 

According to the invention, the desired breakdown 
Properties as well as the resulting HF performance of the 
1 nvent 1 ve semiconductor structure can be obtained, for 
■0 example, by a variation of the width of the recess 103, the 
dop.ng concentration of the buried first semiconductor 
layer ioi as well as the further semiconductor area 105" 
as well as, for example, the ratio of a distance of the top 
surface 109 of the buried first semiconductor layer 101 as 

211 Tn^T SUrfaCS ° f f -^er semiconductor 

area 105" to the bottdm surface 115 of the semiconductor 
area 113 . 
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Fig- 2 shows a further embodiment of a semiconductor 
structure according to the present invention. Thereby, the 
transistor illustrated on the left hand side of the 
vertical line in Fig. 2 is a HV transistor I, and the 
transistor disposed on the right hand side of the line is a 
HV transistor II. Both the HV transistor I and the HV 
transistor II together form the inventive semiconductor 
structure « 
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The semiconductor structure illustrated in Fig 2 has a 
substrate 201, which can be, for example, a weakly doped 
semiconductor substrate, such as a p substrate. A buried 
first semiconductor layer 203 and 204 is respectively 
> disposed on the substrate 201. The buried first 

semiconductor layer 204 comprises a first recess 205 an d 
the buried first semiconductor layer 203 has a second 
recess 207. Both recesses 205 and 207 are spaced apart from 
one another. A further semiconductor area 209 is f Qrmed in 
the first recess 20S of the buried first semiconductor 
layer 204. A further semiconductor area 211 is disposed in 
the second recess 207. Thereby, the further semiconductor 
area 209 has a top surface 229 and the further 
semiconductor area 211 has a top surface 231. a second 
semiconductor layer 213 is formed on the buried first 
semiconductor layers 203 and 204, as well as on the further 
semiconductor area 209 and the further semiconductor area 
211. Thereby, the second semiconductor layer is separated 
by a deep trench isolation 214, which also separates the 
buried layers of the HF and HV transistor. 

The further semiconductor area 209, the further 
semiconductor area 211, the respective buried first 
semiconductor layer 203 and 204 as well as the second 
semiconductor layer 213 are, for example, n doped, Wherein 
the respective doping concentrations can be different The 
second semiconductor layer 213 is, for example, a collector 
of an npn bipolar transistor, and the respective buried 
first semiconductor layers 203 and 204 are a suboollector 
(buried layer) of the respective bipolar transistor. In the 
embodiment illustrated in Fig. 2, the further semiconductor 
area 209 as well as the further semiconductor area 211 
extend into the substrate 201 without separating the 
substrate 201. Further, the respective buried first 
semiconductor layers 204 and 203 comprise a first terminal 
215 as well as second terminal 217, wherein both terminals 
are lead through the second semiconductor layer 213 towards 
the top and serve for contacting the respective buried 
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first semiconductor layer 204 and 203. A base 219 is 
disposed across the recess 205 as well as across the recess 
207 on the second semiconductor layer 213 or in it. On the 

isolat r ' 9ht b6Slde 219, further 

isolation layers 221 and 222 (e.g. shallow trench 

isolation) are formed and extend partly towards the bottom 
into the second semiconductor layer 213. 

A third semiconductor area 223 (emitter, e.g. n doped 
polysilicon) is respectively disposed on the respective 

ThTth 19 ; ^ C ° ntaCted — •» -itter contact. 

The third semiconductor area can be f for example, an n 

doped polysilicon layer. For connecting the respective base 
219 further, a base terminal layer 225 is disposed on the 
further substrate layers 221 and 222. Further, on the 
respective base terminal layer 225, an isolation layer 227 
is disposed. This layer serves for isolating the base and 
the emitter polysilicon, respectively, from one another 
Thereby, the respective emitter 223 is lead towards the 
top, so that it extends through the respective isolation 
layer 227 as well as through the respective base terminal 
layer 225 towards the respective base 219. Thus, two 
bipolar transistors (HV transistor I and HV transistor II, 
are illustrated in Fig. 2, which are disposed on the left 
Fig rSSpeCtiVely ' of the dc *ted l^e illustrated in 

in the respective emitter window, a spacer 233 is disposed 
which has an L shape in this embodiment, but can have an 
arbitrary shape, which serves for isolation. 

For clarity reasons, the passivation layers are not 
illustrated in the embodiment- they would lie on the drawn 
structures. 

In the following, reference will be made to the mode of 
operation and the properties of the inventive semiconductor 
structure illustrated in Fig. 2. 
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In E.g. 2, two HV transistors are integrated on the 
substrate 201, wherein the HV transistor I and the HV 
5 volt!" ? " " e diStingU±shed ^ * ^"erent breakdown 

205 H Tn d±ffetent W±dthS ° f thS -active recess 
205 and 207 (window widths) in the buried first 

semiconductor layer 203 (subcollector) . 

D iLVoi* 1 *"* Wind ° W ° f -cesses 205 

and 207 as well as by a respective different distance * f 

base 2 StiXfaCe tD ^ 

base 219, the respective HV transistor I as well as the HV 

:~ h n " e diS ™^d by different breaLwn 
voltages. Thereby, preferably, the buried first 
semiconductor layer (subcollector) is heavily „ doped and 
the second semiconductor layer 213 (collector) is for 
example, doped less than the subcollector 203. The further 
semiconductor area 209 and the f ur fh.r 1 
_ ana tne further semiconductor area 

211 have, for example, an equal doping concentration and 
are n doped, wherein the doping concentration of the 
further semiconductor areas 209 and 211 can be lower than 
hio e he 0rie tH 0f f±rSt S - i — tor layer 203 and 

Ls a " ° f ^ SSCOnd ^yer 213. 

Thus, according to the invention, respectively different 
transistors with a different breakdown voltage as well as a 
different HP performance can be integrated on the substrate 
exLL : Pities are obtained, for 

example, by a variation of the respective window widths of 
the recesses 205 and 207. 

As has already been mentioned, the further semiconductor 
area 209 as veil as the further semiconductor area 211 
-tend into the substrate 201. In this w ay , the respective 
transistor properties can for example be set by a variation 
of the respective depth of the respective further 
semiconductor area 209 and 211, i„ addition to a variation 
of the window width. The respective further semiconductor 
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areas 209 and 2U can be realized, for example, by high _ 
energy ion implantation into the substrate 201. * 

In Fig. 3, an integration of an HF transistor and for 
example, a HV transistor already known from Fig. 2 (such as 
HV transistor II) is shown, wherein the transistors are 
respectively on the left and right Qf ^ ^ 

illustrated in Fig. 3. 



In the following description of the preferred embodiments, 
elements, which have already been explained with reference 
to Fig. 2, are provided with the same reference numbers No 
repeated description of these elements is given. Further 
m the figures, same elements are provided with same 
15 reference numbers. 
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The HF transistor comprises an SIC 301, which connects the 
base 219 to a buried first semiconductor layer 300 
Thereby, the thickness of the second semiconductor layer 
213, which can for example be an epitaxial layer, is 
adapted to the HF transistor disposed on the left of the 
dotted line, so that the HF transistor, for example, has 
optimum HF properties. To obtain a higher breakdown voltage 
at the HF transistor, the further semiconductor area 211 
(second subcollector) is disposed in the recess 207, as has 
already been discussed in connection with the embodiment 
illustrated in Fig. 2. Thereby, a portion of the second 
semiconductor layer 213 is disposed across the further 
semiconductor area 211 of the first semiconductor layer 
300, such that a portion of the second semiconductor layer 
213 is disposed inbetween. Thereby, the second recess has a 
predetermined width as well as a predetermined distance to 
the semiconductor structure 219, so that, according to the 
invention, the HV transistor can be integrated together 
with a conventional HF transistor on a substrate. 

Preferably, a thickness of the second semiconductor layer 
(collector epitaxy) is optimally adapted to the demands 
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with regard to the HF performance of the HF transit. t 
the col lect0r area Qf the HV transisto Zr ZZl 
subc 0llector is implanted a - - mple 

a deeper second subcollector {furt her semiconductor a^ea 

the s ilRPlanted eithSr «*t.r growing 

the second semiconductor layer (collector epitaxy^ L 
example, a h igh energy implantation in th . L.ss 2 07 
which x. adapted to the demands of the HV transistor 
Therefore, before the collector epitaxy, the implantation 
reguires an additional lithography level and can, for 
example, be performed with arsenic. Due to an extended 
process control due to the lithography level, both the HF 
ran Slstor and the HV transistor can be optimally adapted 

15 Lven t i:: SPeCtlVe dSmandS " 3 ^ — - the 

Fig. 4 shows a further embodiment of a se m iconduotor 
structure according to the present invention. 

2 0 m difference to the embodiment illustrated in Fig. 3, the 
semiconductor structure illustrated in Fig. 4 has a bottom 
semiconductor area 401, which is disposed below the buried 
first semiconductor layer 300 and extends into the 
substrate 201. The bottom semiconductor area 401 is further 
deposed below the base 219 of the HF transistor 
disposed on the left of the Vertically drawn line. The 
third semiconductor area 401 has, for example, a doping 

rr;::;r which is sim±iar to the ^ ~-t ion 

of the further semiconductor area 211, wherein both the 
bottom semiconductor area 401 and the further semiconductor 
area 211 are doped with the same doping type, which can, 
for example, be an n doping. 

The embodiment illustrated in Fig. 4 explains the inventive 
concept for the integration of an HF and an Hv bipolar 
transistor with two subcollectcrs . The thickness of the 
second semiconductor layer 213 (collector epitaxial layer) 
" adaptSd t0 the HF transistor, as has already been 
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discussed in connection with the embodiment illustrated in 
Fxg. 3. in contrast to the production method underlying the 
semiconductor structure illustrated in Fig. 3 , no separate 
lxthography layer i s required in the production of the 
. inventive semiconductor structure illustrated in Fig 4 

whereby the production costs are further reduced. The high- 
energy implantation after the epitaxy for generating the 
semiconductor area 211 can be performed by an implantation 

.h'^Sr^ ^ 3 ,biP ° lar ° Pen ' litho *-P*y -quired in 
the BiCMOS technology. Thereby, the deeper sUbcollector 211 

^ 3130 im P lan ted into the HF transistor, and no separate 

lithography level is required. When an implantation depth 

of the deeper subcollector is significantly large, the HF 

transistor is not influenced by this implantation, since a 

dispersion of the implantation into the surface near areas 

of the epitaxial layer is low. Therefore, this incentive 

concept is particularly applicable for different breakdown 

voltages of the high frequency transistor (about 15-25 

volt) and the HV transistor (about 3 - 6 Volt), as they are 

mostly found in modern bipolar and BiCMOS technologies 

Since the deeper subcollector 211 Is often doped less than 

the buried layer 203, in the HF transistor without recess 

207, the doping of the deeper subcollector is often covered 

m the area of the buried layer 203 by the same. Thus, in 

the HF transistor, only the bottom area 401 of the deeper 

subcollector extends into the substrate. 

The collector resistance of the HV transistor is possibly 
slightly increased, because a layer resistor of a high 
energy implanted subcollector (about 100 ohm/sq) can be 
higher than the one of a conventional subcollector (about 
30 ohm/sq) due to a possibly less doping. This effect 
however, can be compensated by reducing the resistance of 
the collector contact to the collector due to the lower 
thickness of the second semiconductor layer (epiraxial 
thickness). Above that, the junction area in the HF 
transistor between the SIC 301 and the buried first 
semiconductor layer 203 (buried subcollector) is smaller 
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than it is the case with conventional structures. The HF 
3"™^ 3 COntinU ° US bUriSd tW-"l 

5 ^Z 1 !' 5 ' dOPSnt C ° nCentrationS ° f the HF transistor (a, 
and the HV transistor (b) are illustrated according to the 
conventional integration concept. On the abscissa, a 
principle cut through the layers of a semiconductor 
structure is illustrated, beginning with E: emitter, B- 
base, flat SIC, retrograded deeper SIC and a buried layer 
and x„ Fig. 5b beginning with E: emitter, B: base, the ' 
epitaxial layer and the buried layer. On the respective 
ordinate, a doping concentration of the respective doping 
is illustrated. The implantation profiles illustrated in 
Fxgs. 5a and 5b illustrate the conventional variation of an 
integration scheme, as it is, for example, illustrated in 

foTh h re ! r ° 9rade SIC in the HF transistor serves here 
for brxdgmg the epi area between the end of the base 
collector space charge zone and is the least -impedance 
possible implanted collector terminal. 

Fig. 6 illustrates dopant concentrations of the HF 
transistor (a) and the HV transistor (b) for the inventive 
concept with a high energy buried layer for the HV 
transistor. On the abscissa of Fig. 6a, a vertical cut 
through the inventive layers of the semiconductor structure 
3-s illustrated, beginning with E : emitter, B: base the 
flat SIC and the buried layer, as it is illustrated, for 
example in Fig. 3 (HF transistor) . The abscissa of the 
graph illustrated in Fig. 6b illustrates a vertical cut 
through the layers of the inventive HV transistor beginning 
with E emitter, B base, epi layer, high-energy buried 
layer, as it is illustrated, for example, in Fig. 4 (H V 
transistor) . On the respective ordinate, for example, 
doping concentrations of the respective doping are 
illustrated. 
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buried fl \ SemiCOndUCt - -tr»etur. comprises providing the 
buried f lrst semiconductor layer with a recess formed 
therem, generating the second semiconductor layer on the 
bur.ed first semiconductor layer as well as generating the 
5 se mico nductor area on the second semiconductor layer. In 

rfol eP H° f H PrOVidin9 ' fUrth6r ' follo -ng ^eps can be 

performed: depositing an implantation mask on the 

semiconductor substrate, wherein the implantation mask 
leaves the recess exposed; implanting the buried first 
se micon d uc tor layer by using the implantation mask. Above 
that, after the step of generating the second semiconductor 
layer, a further implantation mask can be deposited, which 
leaves a recess exposed, as well as a further semiconductor 
area in the recess by using the further implantation mask. 
15 However, a further implantation mask can be deposited, 

which leaves the recess exposed and a further semiconductor 
area can be generated in the recess by using the further 
implantation mask. 

20 Fig. 7 shows a further embodiment of a HV transistor 

according to the present invention, which illustrates the 
HV concept again- 

in contrast to the HV transistor II illustrated in Fig 2 
25 the HV transistor illustrated in Fig. 7 comprises a base ' 
terminal 701, which contacts the base terminal polysilicon 
225, and which is lead towards the top through the 
isolation layer 227, *n emitter terminal 703 which contacts 
the emitter layer 223 and is disposed across the further 
semiconductor area 211 (local high^nergy subcollector) , as 
well as collector terminal 705, which is disposed on the 
second terminal 217. 



30 



The respective subcollector can be generated by an 
35 implantation, which is performed with higher energy than 
the implantation of the buried layer. Thereby, the surface 
of the subcollector lies deeper than the buried layer 
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With the above-described method, the breakdown voltage of 
the respective HV transistor can be set by a width of the 
window in the subcollector (buried first semiconductor 
layer 203), in addition to a change of an implantation 
energy. Thereby, different breakdown voltages in the 
respective HV transistor can be set, only by layout 
measures without increased production costs. This means big 
advantages with regard to flexibility (different supply 
voltages or a good optimization of ESD structures) for a 
possible application of the semiconductor structure 
produced in that way. The respective breakdown voltage of 
the respective HV transistor depends on a distance of an 
edge of the subcollector window to the collector. 

While this invention has been described in terms of several 
preferred embodiments, there are alterations, permutations, 
and equivalents which fall within the scope of this 
invention. It should also be noted that there are many 
alternative ways of implementing the methods and 
compositions of the present invention. It is therefore 
intended that the following appended claims be interpreted 
as including all such alterations, permutations, and 
equivalents as fall within the true spirit and scope of the 
present invention. 
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